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Program Overview

Objectives:

- Explore DG/Grid interconnection and system integration issues

- Develop standard-compliant DG/Grid interconnect to overcome interconnection
barriers, to allow reliable system operation, and to achieve full value of DG

2001 2002 2003 2004

Base Year Optional Year | Optional Year Il

« Virtual test bed « Universal Interconnect e Inverter & machined

« Case studies (Ul) Prototyping based Interconnect

« Interconnect conceptual « Ul Testing * Prototyping/Testing

design * High penetration study * Microgrid study

» Technology Transition * Technology Transition

FUNDING
DOE (60%) $510K $500K $330K
GE  (40%) $340K $385K $220K
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Relevance to Problems and Needs”

*Proceedings of “National Electric Delivery Technologies Roadmap Workshop”, July 8-9, 2003, Washington DC
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Impacts and Benefits

' GE’s system simulation capabilities provide fundamental understanding of
DG impact on power systems, as well as underlying design requirements
for DG integration with power systems

' GE Proposed Ul approach will reduce interconnection costs, both hardwar
and process, and allow for increased reliability and full value of DG withou!
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GE Stakeholders

The technology is a key to the overall success of GE’s strateg
to move into the alternative energy and DG market




Teaming

GE
Global Research

| * specs/standards

* algorithms
* testing
* Specs
/standards
* application

{ - case studies

« IED/PCD
* controls
GE GE
Power System Pl Industrial Systems
* consulting
Utility

Cross GE Businesses/Utility Team



Program Accomplishments

- Delivered 10 milestones reports

- Published 6 papers, including 1 for workshop, 5 for IEEE
Conferences

- Organized and chaired 1 DG panel session at IEEE
Conferences

- Disclosed 5 inventions, including 2 filed for full patent

- Prototyped 2 interconnect hardware

- Technology transition to 2 GE product platforms

Significant achievements with visible business/industry impact



Technical Approach

Technical Challenges of Current Practices:

« System impact caused by DG/Grid interconnection is not well understood
(quantitatively)

* No standard interconnection solutions that are well established and
accepted

* Lack of low cost, reliable interconnection devices for DE and storage*™
* Design of acceptable “black box" for DG interconnection™
« Simple, low cost utility pre-approved interconnect device*™

Technical Approaches:
 Modeling (VTB): not only understand fundamental issues, but
quantitative analysis to provide system design guidelines

* Design and prototype new concepts/architectures/functions/controls
to meet underlying requirements, universal solutions for plug-and-play
and streamline process

+ Testing: proof-of-concept and technology transition

A system approach to addressing DG/Grid interconnection




Virtual Test Bed — Multi-Level Modeling Platform

Fairwood 13
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Gne line Diagram _'T_

Saber/
PSLF PSCAD } -

1 Fairwood

066

Reduced order Reduced order F eeder
Large scale Equivalent 02m.yo [028m sssncs z1-oms

Average level Average level
Behavior level Switching level

System level Unit level
issues issues

*DG/Load/Grid models
*Case studies
*Design evaluations

A platform for long term DG & interconnect study




Interconnect Conceptual Design

= Standardized modules

CONCEPTUAL DESIGN OF DG-Grid INTERCONNECT

PCD * |ED (Intelligent Electronic Device)
Lockable * PCD (Power Carrying Device)
el = Standardized/Normalized

interfaces

» Technology neutral,
suitable for interconnecting
different DGs

= Pre-testing and pre-
certification for standard
compliance

= Scalable and upgradable

» Universal platform with
natural progression of
functionality to maximize
the economic and
performance benefits of DG




DG/Grid Interconnect

Grid-Connected Inverter

Wind (GCI)

Universal Interconnect
(U1)
 Two interconnect platforms
* Functions, e.g. communications, metering, etc. are built on the
platforms, depending on application scales, e.g. individual end users,
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IEEE 1547 Compliance Matrix

4.2 Response to Area EPS
Abnormal conditions

Area EPS Faults
Area EPS Reclosing

4.1 General Requirements

41.1  Voltage Regulation Available  P1547 says that DG shall not actively regulate the
voltage at the PCC. Ul should monitor the voltage
to be within the range of ANSI C84.1, Range A.

G60 has voltage protection, monitoring, and data

4.21
422

Available  G60 has some elements for fault detection

Anti- reclosing time varies, e.g. reclosing due to

4.1.8.2

4.1.83

Integration with Area EPS  Available
Grounding

log

need to consider different Transformer
connections, e.g. Wye/Wye, Delta/Wye, etc. will
require different protection elements. In some

cacac it mav naad tn canca nrimary (ciihetatinn)

Synchronizati

Anti-Islanding Protection

Distributed Resources on
Distribution Secondary Grid
and Spot Networks
Inadvertent Energization of Available
the Area EPS

Monitoring Provisions Available

Isolation Device

Interconnect Integrity

Protection from Available
Electromanetic Interference
(EMI)

Surge Withstand
Performance

Paralleling Device

Available

N/A

flicker effect. FIicker monitoring is not the current
G60 function. G60 has sync check.

Reverse power protection is needed to coordinate
with netowrk protectors. Unclear to exactly define
Ul functions as the issue is not thoroughly
addressed in the current standard version.

dead circuit check

This function refers to remote monitoring by
utilities operators. Therefore, communication is
needed. How to communicate, however, is
undertermined. P1547.3 will address
communication requirements. G60 has
communication capabilities. The requirement will
be determined by local power control operator.

External to Ul Box. readily accessible, lockable,
visible-break isolation device. It may be desirable
for Ul to monitor (but not control) the status of the
isolation device.

Ul IED device meets the requirement

Ul IED device meets the requirement

contact/CB ratings (220% of the rated voltage), not
part of IED

423

424

425

426

Coordination Islanding

protection

Available

Available

Available

Reconnection t§ Area EPS Available

4.3 Power Quality

4.31

Limitation of DC irfjection N/A

Limitation of Flicker In§uced N/A
by the DR

Harmonics

4.4 Islanding

441

442

Anti-
Islanding
protection

N/A

Unintentional islanding

Intentional islanding

lightning is normally fast (less than 0.5s), however,
reclosing due to tree fall is normally slow (up to
10s). Different utilities set the reclosing time
differently, depending on their practical conditions.
Therefore, the timing of Al protection should be
adjustable to coordinate with recloser settings. If
transfer trip (communication) is used, then it is not
an issue. If not, then it is a challenging for anti-
islanding detection with fast reclosing.

adjustable set points for DG > 30kW. Could be
realized using FlexLogic

adjustable set points for DG > 30kW. Could be
realized using FlexLogic

sync check. Also need to monitor flicker. Leave it
as DG design issue.

The delay time should be user adjustable.

Ul could monitor it, but too costly. Need LEM
current sensors, not just CTs, if want to monitor it.
Leave it as DG design requirement.

Monitoring flicker, SMARFI 90, 80, 70

Ul could monitor it, but too costly. To monitor
harmonics (up to 40th harmonic), may need
additional computation resources. Leave it as DG
design issue.

detection within 2s.

no requirements given yet in the standard

* Most requirements can be met by today’s technology
« Anti-islanding function is not well established, and is the key for




Ul Platform

Modular Hardware Modular Software
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* The Platform Family - One Common Architecture - from Feeder
Protection to Generator Control, Meet Ul feature requirements



Anti-Islanding Study — Existing Schemes

Local sensing
» U/O V&F
» Phase Jump
» ROCOF
» Harmonic Monitoring

Perturbation
» Impedance monitoring
» Impedance insertion

Integrate with DG control
» SFS, SVS

» SMS
» Asymmetrical Wave.

System coordinated control
» PLC
» Comm.

Cost
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Anti-Islanding Study — Non-Detection Zone
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Al performance Index: Non-Detection
Zone (NDZ), defined as the region (in AP
AQ space), within which the interconnect
devices cannot detect an island.
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Reactive Power Mismatch (%)
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Universal Interconnect (Ul)
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Universal Interconnect (Ul) Prototype

*Eliminate unnecessary redundancy

*Reduce Cost

«Easy to be pre-tested and pre-certified

«Easy to configure and integration: plug-and-play

*Could be independent product offerinas: IED. PCD. or Ul



Ul Testing at GE - Interfacing Inverter-Based DG

DG Simulator
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A platform for proof-of-concept and technology transition



Ul Testing at GE - Interfacing Inverter-Based DG
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Ul Testing at NREL - Interfacing Diesel Generator
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Ul Testing at NREL - Interfacing Diesel Generator

Tested Non-Detection Zone

Active Reactive Power NDZ (% of
DG output Load (kW) |Load (kVar) mismatch (kW) PDG, rated)
20 23 36 3 2.4%

35 37.5 62.5 2.5 2.0%
50 51.25 90 1.25 1.0%
80 81.5 144 1.5 1.2%

ummary:

Total 70 tests

All of them tripped on the tested Al, before tripping on U/O V&F

NDZ is much smaller with respect to active power mismatch

Never trip on reactive power mismatch for the diesel, need improvement
Disturbance cases tested - 100% load step, cap switching, zero out one
phase, or all three phases momentarily, or unbalance 48%, 120%, 120%. No
a single false trip, the tested Al is robust

Load step change after islanding, trip on 1kW (0.8%) transient load, no trip
on slow load ramping

Minimum reverse power protection based on NDZ to ensure Al protection



Planned Activities for FY2004

- Study and develop advanced anti-islanding
control for inverter-based interconnect for
IEEE 1547 & UL 1741 compliance

- Study advanced anti-islanding control for
machine-based interconnect

- Study interconnect control for multiple DGs,
Study facility microgrid

- Test inverter-based interconnect



Grid-Connected Inverter (GCI) Development

PowER

Sterling Engine Fuel Cell

* GE is developing GCI for two DG vendors, STM (Sterling Engine), and
FCE (Direct Fuel Cells).



Grid-Connected Inverter (GCIl) Development

GE Proprietary active Al family schemes, no NDZ

Simulation and preliminary testing completed

Results are very promising, will meet UL 1741, EON standards
Software code only, low cost

minimum power quality impact

Complete design insight and guidelines available

Penetration impact predictable

Work for multiple DGs
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Program Interactions & Collaborations

01l Sensor &

. Actuator
Electronic Signals

Control Microturbine
Unit Sensors & Actuators

Profibus

Digital Comm. --
. 1] Direct
Alternator
Power Conditioning System

DOE - Advanced Integrated
Microturbine System

Sandia - High Reliability Inverter

EPRI - Integrated Energy and Communications Systems
Avehitactinivra (IECQAN



Technology Transitions

The algorithms/functions developed by this program
transitioned to a GE Multilin New firmware release (July 2003)

FEETEF
—F I T

The algorithms/functions developed and tested
by the program is transitioning to a new GE grid- T
connected inverter platform for use with sterling “ill
engines and fuel cells (August 2003)



Future Plans

Proposed outyear (beyond FY04) activities:

- Low cost, modular Ul protection devices
- Modular cross-platform inverter-based interconnect

- Demonstration at beta test site



Summary

« GE interconnect project is performing crucial investigation
of DG and Grid integration issues (Support EDT system
integration goal)

 GE proposed a systematic approach to addressing

interconnect solutions (Support EDT plug-n-play
Interconnection goal)

 GE is taking the new technology to expand its strategic
market in alternative energy and distributed generation
(Support EDT mission to transform today's electric
distribution infrastructure ... with more distributed energy
resources (DER) integration with electric power systems)



